/he Kmvt Snih'iv-ifS, /\u\i il0‘)7i, lllili. 5I-5V 



STUniKS OF I HK KCJdS OF MACROBIOTUS CF. RSEUDOHUFfU ANOt 
(TARDIORADA) FROM WHEAT FIELDS IN SOL) Til ALSTRALIA 



by Ai.an F. Bird* & Sttart G. MrCi.unr, 



Siimiiiury 
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I Ik’ liiiilijiiiiilr. Mduiihinltis cl. psi'iitliilwjfltiinh, iiiiil Ik cyj!.'' wcif isitltilcil liiiili Mill Imili u wlical licliJ .il 
Avon 111 Soiilli AiKiriiltii iliirtiit: ihc winicr ol' IW(t. Tliv“ .‘.iii I'.itc ol' lliv tgjis wik c\.miiiicil iiiiUa llic utaniiiiig 
I'lvclmn iMKiovioiH' iiiiiJ \\ns ^liowii Ui he liiullly oi iMiilciilcJ niiJ lelinjIiiU' willl lii.imciiiil.v ■‘iiocnoil gohloi 
vliiini.'il" imijcclionH. The ileiilale iiiiirgins ol' llic lieinK of iIilkc |tm|celioiK uiikki iiI cIusIck of coi-jl-likc 
glol'iilcs. ShilKlkal aiUilysis oC ihv wc ol' ihe iiixijeclioiis revculcd Avo sigiiiriciiiulv ililTcrt'iil ly|tes ol' eges in 
tile ■■.iiiiiplo.s l A.iiiii'ili.-.v or uriHiiooiiloii eggs Were loiiiul in lli^v;ll•dc•^t exiivia. a loiiililioii vvimh is noi in lU'coiil 
willl II iccviillv |tro|iok,i.'il hypolhesis on laiili;jfiulo rgu cv oliiliim. Oh wi'viilioiik on livilinu hehiivioui. |io|Uilalioii 

ilvtisily and tog laying liahiK are |iiesenlcd. 

Ki'V W’ligiiv Miirr/ihiiihn el' iiM'iiiliiliiilrliiiiiti iiiiLmHuii|iy liiiiligradev. eg;.K. iiioiiiliology, eyolinioii. soil 



Inlrndiu'liiin 

l.iriligriiijos, iiImi known as wnlor Ivors m moss 
ingitis iKineliiii I'l'M), hdoiig: lo a disertle pliykiiil 
111 enMiiopoliinn dislribulinn froni diverse liiibilals 
iiidiuliiio iiiariiie. Iresli wmei and .scmi-lcrieMiial 
envii'oiiiiviUs. The taidierados responsible for llie 
cogs deserilvil in ihis paper were ideniified n.s 
MiH'ivhiii/KS uW i>M'ii(l(ilnih'lainli Ihams I'ibO by S. 
ChiMoii i(iii() I W(i) and arc seini-ieriesirial. havinn 
been isolaletl rroni sandy loam soil in a wheal lield al 
Avon. .Sonlli Aiisiralia. 

'Vhe iarilit>iade cog shell is a iisci'iil lavonomie 
ynirle lu speeie.s ideiuiriealiriii. parlienlarly in genera 
siieh as Milt riihiiiiif\ where the shell is ornamenied 
M(n'ivhiiiiti.\ d'. i>saiiliilHil<'liimli, wliieh are only 
ahmn .'iOO pin lone by- 150 pm wide when billy 
grown, lay eomparativdy large’ eiiviilnr eggs whieh 
have highly ornamcnleJ relienlalcil shell siirlaecs 
with laimeiniis 'Tnveried gohlcl-shaped" pmjeciions 
(Ibid loop). 

Il has been shown by beriolani &. Kcbeeelti ( 100.1) 
dial dill'creiiecs in egg shell morphology nr 
Mm riihiiiHis liii/i'lmitli. prev iously Lhoughr to he ilue 
lo Variability w'ilbin ibis speeie.s, bill into seven ills- 
liiiel lypes that are lelalcil tr> dill'erenl animal mor 
phoiypts. Using egg shell morphology, along with 
olhei eliaraelers. these workeis have deseribed a luint 
Ivr of new speeie.s from the A/ liuft'lituiH croup, ligcs 
that belong to ihi.s group have pilled or reiieiilaled 
shells with protnidliig igncesses .shaped like iinerted 
goblel.s, ehaliees. Ilireatl .spools or’Vooling UnveiV. 

iriiiVMid K'HuI Mileliain S. Aiki. JIH>2 

( SlUl ) l.;md iinil \V:iifL PMli 2 ( ik'ii O.Mnunil .S .Au.d 5(ki*4, 



licriolam fi a! ( 1046) have staled dial omamenied 
eggs are generally laiil lice in soil oi water and 
siimoili shelled eggs are laid in the moulted eiiiiele 
(ekiiv mill I. riiese workers iiieliKle the lamily 
Mucrohioiidae. to wiiieli M ef. jm'ihltihiifcluinli 
belongs, in those lamilies that lav Iree, ornamenierl 
eggs. Berlolam cl ill. IIOO 61 liiu'c pin I'oiwaid an 
hypoihe.sis in whieh ihey evtilain ihe evolution of 
lurrligrade egg.s. 

In dns paper we exaimiie ihe sliLidiire of Ihe egg 
shell ol M. d'. ii\ciHloliii/cliiiiili mill measure die 
proecsses pmirmling Ironi the siirlaee ol ihe egg 
shell. We also disenss iis egg laying hahiis In rdaiion 
to the hypothesis ri| Ucrtolaiii cl al. ( 1006) anil eoni- 
nieiir on feeding hehavinur and popiilaiioit density. 

Materials and Methods 

The lardigiades were eolleelcd on 18 .Inly lOOp 
from sandy loam soil and Irom Ihe same loadily at 
Avon. .Souih .Aiisiralia ilalilude .14' 14' S. longiliide 
1.18'^ 10 I'), as ihose eolleeled previously, using the 
sainpling lcehnii|iic deseribed by Riril (|0i)o). The 
soil samples were eolledeil in mid-winter so iltal ihe 
sites were wot and the tardigrades were feeding, 
reprudnemg anil ileposiliiig eggs. 

'Hie tardigrades and oihei meiofanna, eoiisisiing 
predominantly of nematodes, were isolated from this 
soil over a period of ihrci days using a inisliiig appa- 
ratus (Yeaies & Bird 1004). Tardigrades .and iieina- 
ludes were eoiinted and tardigrade eggs were pieked 
Dili using a denial No. .1 iieive hiuaeh and examined, 
alive, in ilislilled walci under a eoverslip. wilh Ihe 
light inicroseope Kggs lo be examined under llie 
seaimmg eleciroii mieroseope (.SKM) were fixed in 
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(t% gliUciiiUichyJe in Svtrensen’s pho.sphaie biilTeral 
pll 7.2 aiul al C' and kept in lliis lixalive j’or >a.-V- 
L-ral days. They were Ihen waslicil Ihrce rimes in dis- 
lilled wilier and sonieiued in an F.lnm T420 sonic.itor 
.11 a I'requeitcy of kHz lor 10 sec onintil shown by 
lUiemscopic observation to be tree ot debris. 

Tlie eggs were freeze-tiried by plating Ihcm 
between membrane (lllers wliith were Irozeri rapidly 
by plating them m a slimy of I'reon tooled by liquid 
nitrogen These liliers with Ihe egg.s were quickly 
Iranslerted to a Irtc/e drier and Irceze-dncd at - 70 
C. The dried eggs were pitked up with double-.sidcd 
tape which was allutheil lo an SFM stub and coaled 
with .^0 nm of gold. This material was e.vamined and 
photographed m a Cambridge S 250 Vtk 3 SFM 
operated at 20 kV using I‘P4 Plus Ilford roll Him. 

Results 

Numhet \ ant! 

At the lime ortolletlioil the ratio of tardigrades to 
nemalodes m 50 g of soil was K4:207. Feeding on 
nematodes was also observed during (he tuiirse of 
this invesligalion and the nemalode.s held by the 
laidigrades usually did no| move tiUhough once a 
nematode broke free and moved away. In one 
instance, a lardigratle was observed lo be urthing its 
back in ihe manner of a scorpion, during feeding 
atiiviiy 

C.e.i; Utyiiiii oiul t.e.ev 

liggs that we IV about 90-100 pm in diameter m Ihe 
living unlixed state (Mgs 12) and aboui 00-70 pin in 
the fixed and dehydiaied siaic (I’ig. 5). were laid 
eilhei W'idiin exuvia (east eiiticlc.s) (Figs I, 2) or free 
tl’ig. 3). Figures 2. 3. 4. 5 cltaiiy show that these 
eggs have a morphology of Ihe 47 Inilvltmdi group 
will) reticulated shells and tharaticrisiiciilly 
iipiurncd-tluilicc -shaped pi oil ud mg pioces.ses. 



Although the pattern of the rciieulalions remains the 
same with the apertures on the relitulme surl'ute of 
the egg shell being about 0,25 pm in diaineter (Mg. 
h), the shape of the protruding processes falls into 
iwo disimei groups. Jype I is shorter than dVlu' II. is 
narrow at the ha.se and has a wide distal head (Fig. 4 1 . 
Conversely, I'ype II is taller, wider at the base and 
ha.s a iiarrow'er tlistal head than Type I iFig. 5). For 
10 iirocesses of each type., the differences in ibe 
means arc statistically significant with 95 % ^;(,n|i- 
dcnce (Table I ) 

When the irmeesses vveie examined under (he 
higher magml'icatioii ot the SF.M iFig. 0). the dcniale 
cog-shaped margins of rhe head were sliowm (o con- 
sist of cluslers of globules w'llh a sirutiuie resem- 
hling madreporarian corals in appearance and were 
approxiinalcly 0.5 pm in diameter, 'flie madreporarian 
globules and reiiculaied .'•hell surf.ices arc similar in 
both Ihe shell types described above 

Discussion 

[‘icrtoliini i‘i (il. ( I99fi) have piwposed an hypothe- 
sis lo explain the evolulimi of tardigrade eggs. 
According lo ihese W'orktT.s, Ihe eggs of tardigiades 
have evolved as a result of two cvcnl.s, the lirsi being 
the acquistlion of oniamcnl.ition and the second the 
use of the shed exuviinn as Ihe site for egg laying, 
witli Ihe subsequent loss of orntimeniaiion. Thus, the 
ornamented eggs of ihe VInembiolidae .arc Ihoiighi lo 
be laid free. Our ohscivalioiis that Ihe orniimcnied 
eggs of ;V7. cf, iisi'iithihtilehnuli tan tilhtrbt laid in 
exiivia ( I'igs 1.2) or free ( Fig. .3 ) do not .ippe.ir to he 
111 atcord witli ihis hy|toilifsis. fhe exiisia eoniammg 
oniiimenied eggs were iiiinsparenl and devoid of 
body eoiilenls and ilid not appear to be leniaJts Ihat 
had died before toinplcling egg laying. ,\ possible 
exphimilion for (he laying ofilic eggs in Hie euivium 
by (Ilf M. cl . pst'iuliihiiji l.iiiili Imni the soil at Avon. 
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is that lliis Jiiaj be an adaplaliun lo ihc hul, d(> sum- 
mers experienced ihcre. 

Our sliitlies on the lanlii-Tudes and nematodes in 
suds frtim wheal llchls ai Avon in midwinter when 
the soils were wel and (he iiujnllatunis of the nieio- 
tauna could he expccled lu be at Ihcir peak, show dial 
lardierades make np a snbManlial coinponenl. 
although they are nut as lumicrutis as neinaiodcs.The 
ratio of ft4 liiidigrade..s lo 2‘>7 nematodes perAt) g soil 
tonnd 111 Ihese experiments varies at other sites w here 
the lariiigrade nuinbers pci 50 g soil may he less and 
nematode iiiimbeis greater (Hinl lOOfi). However, it 
is cleiu’ dial the tardigrade presence at Avon is wnle- 
spreud, 

The lartligradcs isolated Iroiil soil at Avon feed on 
nematodes and can survive hoi dry summers in an 
aiihydrobiolic stale iHird I Odd ). heeding on iiema- 
lodes was also observed during the course of this 
invcsiigalioii and the nematodes held by ibc lardi- 
grudes did not usually appear to he moving, although 
they were coiled and dierefore probably not dead, 
■suggesting to us that Ihey iiiiglii have been piu'aly/ed 
by some type of iiijeeted narcotic. .Since iheie is no 
inloriiuilioi) on lardigiiute divvrsny and geographical 
ilisinbulion in South Aiisirahu, further sluilies arc 
vvaiTaiiied. particularly on Ihcir leeilmg habits, as 
dicy may have a role in the biiiamlidl of the parasitic 
nemniodes which have hcen shown to occur in the 
wheal licldsal \voii (Ye.)tc.s& Hird Idy4>. 

Ihc line siriieinre of the egg shell m the genus 
Mia'ii'liinriis is ol great luxoriomic importance. From 
oui observations on the ulirastrnetnre of the egg 
shells ol the Avon iiudiuiades. it would seem lluil 
dieie may he tW'o populations ol M cf. /rsc/a/o/m/c 
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Idiitli in the .Avon soil or there may he two different 
species, neillier of which completely rcsentble.s those 
described so fat for Ihc liulchiiuli grouii ( Bertolani & 
Rebecdii 1404; Hisemv 1006). The reticulalcd sur- 
face of Ihc shell and the smieiuie of the globules on 
the heads of the projeeiious are similar in the two 
tonus of egg.s described above bin the diameter ol 
the apertures on the reticulated surface of the egg 
shell is much less than that shown in the eggs I'f 
othet members of die Inijclanili group described by 
Bcrtoluili & Rebccclii (100,^). Kinchin (1004) and 
Biserov ( 1006). lo our knowledge, ihe globules on 
the Iicatls of die iirojeelioiis have iiol been described 
before and niiglii prove, logelhcr wiih the reliciilated 
siiiTuee. lo be usetnl ta.xunomie erileriu if the liiifr- 
Iciiuli grt'tip is further divided on die basis of egg 
oniaincnlaiion. 

f Icarly further siiulies arc required on Ihe taxon- 
omy ol ihese lardigradcs and on their distrihui ion in 
the seini-arid .igrieullural areas of South Australia 
and oilier simdii) regions of die Aiislraliim conlineiil. 



Ackiiow ledgments 

Ihe sciiiui -author is gmtefiil for a gram from the 
Aii.siralian Biological Resources Study which pro- 
vided faediiies ihiit made this research possililc and 
to CSIRO l.and lUid Water .Adelaide for nu-ominoiia 
non and equipment Dr W. R. Millei. I.fepariment of 
Biology SoLilhwesicrn Gullege W'inficld Kansas 
USA and Dr W.I.. Nicholas, ncparlmeiu of Hotaiiy 
and Zoology ANl ranberra A(.T are tluinketl lor 
constnieiive erllieiMii of the niannseript 



References 



Hi loot \M K. (V KillU ' ill. I . Iluu.l) A revision ol Ihr 
Milt iiihiiniis llll|l•llllllll ci'uiip I laiiligradii. 
M.icmbnniduel. with .siiinv olwervalions on the inxoiiom- 
(i. Uuiinvlvi’, ol vUUtl'Unmides, /mil. Si n/Ihi 22. 127 

Is2. 

iX t’l xsloN. .S. K. I lO'ini I’liylogtiielic sig 

nilieiniee ol’ egg shell lurinllon in l.mhgl'ucles. /iiiil. ./, 

Liii Sill', lift, mo Its. 

Hmi). .A. F ( 1006) SliiiJifs oa the soil-mhahiliitg laaligrade. 
Miii'iiihi/iliis ef jiSfiiiliilnilVIiiiuh. I'roin .South Australia 
Inm.'t. K Sill. S.Aii'ii. 120. I47-I‘i4. 



Hisruov. V. I. t loom 'Liidigfndes ist the fliimyr peniiiMilii 
with descriplions ol two new speeies. /.mil ./ I.iii ,Sm 
IJh. 2ls 2.-t7. 

Kiw'iiis!. I M. ( 1004 ) “I'lic limlogy iil T.mligiadei" 
ll’orllumi press. LonJuiu. 

Yi:An.s. 1.1 XV. iV ihno. -\. 1 . ( lOOUi .Some ohservulions on 
the infliieiiee of agriailuiral piaclices on Ihc nematode 
launae ol some South .6nslralinn soils hnnluiii ,1/1/4. 
Ni-niiilol. 17, I 2.4-1-15. 



rig .1 Seanniiig cleelmn micrograph ol whole eggs nl Min'roNimi.i cl. li.it'iiiliiliiili'hiiuli showing the irnerteU gohlel- 
shapeil pro|eeiiim.s of Types I iTI ) and II ri'21. .Sciilc bar = 2li pm. 
l-'ig 4. Seanniiig eleelioii ntlerogrypll of pari of the egg shell suil'acc of a Ty|*c I egg sliowing pniieclnnis wall iian'owcr 
bases ami huger denlale eog-shaped heads iliaii those ofTvpc II. Nole similarly relienlateil snrfaces ot egg shells. SCale 
hai ^ 5 pm 
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Fig. 5. Scanning electron micrograph of pari of the egg shell surface of a Type II egg showing projections with wider bases 
and smaller cog-shaped heads than those of Type 1. Note similarly reticulated egg shell surfaces. Scale bar = 5 pm. 

Fig. 6. Scanning electron micrograph of the head of one of the Type II projections at higher magnification showing the 
madreporarian globules (arrows). Note the size of the apertures on the reticulated surface of the egg shell on the top right 
hand side of the photomicrograph. Scale bar = I pin. 




